(19) 



J 



(12) 



Europdisches Patentamt 
European Patent Office 
Off ice europ6en des brevets (11) EP 0 982 774 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

01.03.2000 Bulletin 2000/09 

(21) Application nurrfcier: 99112135.1 

(22) Date of filing: 24.06.1999 



(51) int. Ci7: H01 L 23/498, H01 L 23/538. 
HOI L 23/528 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 




English, George 


MCNLPTSE 




Salt Point, New York 12578 (US) 


Designated Extension States; 




Keinert, Joachim 


AL LT LV MK RO SI 




71155 Altdorf (DE) 


(30) Priority: 21.08.1998 EP 98115777 




Rettig, Oliver, Dr. 




71063 Sindelfingen (DE) 


(71) Applicant: 


(74) 


Representative: 


International Business Machines 




Rach, Werner, Dr. 


Corporation 




IBM Deutschland 


Armonk,.iY 10504 (US) 




Informationssysteme GmbH, 






Patentwesen und Urheberrecht 






70548 Stuttgart (DE) 



CM 
< 

CM 
CO 

a> 
o 

Q. 

LU 



(54) Avoidance of cross-sectional surface reduction in wide soft metal wires 

(57) A method of manufacturing semiconductor cir- 
cuits or electronic packages is provided. The step of 
splitting up wide metal areas into metal stripes is 
included into the physical design step of such devices. 
This method does not increase the data complexity sig- 
nificantly and guarantees correctness of the design. 
Furthermore, the method allows to solve the dishing 
problem that is inherent to copper wiring technologies. 
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Description 

Field of the Invention 

[0001] The present invention generally relates to the s 
art of microelectronic circuit fabrication, and more spe- 
clfically to the physical design of a microelectronic inte- 
grated circuit. Still more specifically, it relates to the 
avoidance of dishing of weak metal like copper during 
the process of planarization by chemical-mechanical io 
polishing (CMP). 

Background of the Invention 

[0002] Semiconductor integrated circuits and printed is 
circuit electronic packages are generally structures con- 
sisting of several layers of conducting, insulating and 
other materials that are structured in the horizontal 
dimension by fabrication processes that transfer pat- 
terns defined in physical designs or layouts. A layout 20 
consists of a set of planar geometric shapes in several 
layers. These physical designs or layouts are typically 
represented as computer data consisting of two dimen- 
sional shapes in a hierarchical data structure that 
exploit the repetitive structure usually found in such cir- 25 
cuits and packages. The design files are then converted 
into pattern generator files that are used to produce pat- 
terns called masks. 

[0003] In some cases, the action of the fabrication 
process is affected by the design patterns being trans- 30 
ferred to the physical materials. For example, the local 
pattern density of the design, i.e., the fraction of area 
over vi^ich material is deposited (or removed) can affect 
the shapes and dimer^ions of features, with the "locality 
extent" dependent on the specific fabrication process. A 35 
special process that may be affected by local pattern 
density is chemical -mechanical (so called "chemech") 
polishing (CMP). CMP is used to planarize semiconduc- 
tor substrates. Planarization is becoming more and 
more important as the numbers of layers used to form a 40 
semiconductor device increases. Nonplanar substrates 
show many problems including difficulties in patterning 
a photaesist layer, formation of a void within a film dur- 
ing film deposition, and incomplete removal of a layer 
during an etch process leaving residual portions of the 45 
layer. 

[0004] However. CMP has the disadvantage of show- 
ing so called "dishing" when polishing areas of wide 
metal. Especially in case copper is used this effect will 
resi It in nonp'anar surfaces of the substate. leading to so 
the difficuhies mentioned above. 
[0005] Fig. 1 shows two situations where dishing 
occurs. Within smaller wires (A) dishing can be 
neglected to a certain degree, whereas for wide wires 
(B) it shows big impact on the metal's resistance and on ss 
the rrtanufacturabilrty. 



Prior Art 

[0006] Several methods are known to avoid dishing, 
some of them using extra process steps. 
[0007] In US-A-5.539.240. Cronin et al. describe the 
manufacture of subminimum silicon pillars extending 
vertically upward from the base of a wide trench, and 
oxidizing the pillars. When the substrate is covered with 
a conformal CVD oxkie, the pillars prevent the formation 
of a single deep depression above the trench. Instead, 
a series of relatively shallow depressions is formed. The 
resultant surface is therefore easier to planarize. 
[0008] Jang et al.. US-A-5.721 ,172. propose a self- 
aligned polish stop layer hard masking method for form- 
ing planarized aperture fill layers, thereby avoiding dish- 
ing, whereas US-A-5.61 8.381 by Doan et al. discloses a 
two-phase selective CMP process with a minimized 
degree of dishing. 

[0009] However, as already mentioned above, these 
methods involve additional process steps leading to 
increased turn-around-times and decreased correct- 
ness of the design arxl yield. 

[0010] Another state of the art possibility to reduce 
dishing is to avoid an additional process step but to 
include a data preparation step for mask making after 
the physical design. Thus, in US-A-5,671.152 to Lavin 
et al., there is disclosed a method of generating holes 
through shapes in tiles or unit cells containing negative 
fill shapes (so-called "Cheesing"). Metal areas wider 
than the size of a unit celt are then covered with abutting 
unit cells in order to get a regularly distributed tiling 
structure. However, this proposal has the disadvantage 
that the resistance of a tiled wire increases by about 
12% due to a loss of metal where the negative fill 
shapes are introduced. Furthernrxjre, the determination 
of areas to be tiled and the introduction of the unit cells 
into the layout data is very complicated and inaeases 
the turn-around-time in a high degree. Since the 
number of shapes increases by about the factor 1 000, 
handling the resulting data is also very complicated 
(e.g., DRC checking). An alternate tiling pattern couW 
reduce the number of shapes but not significantly and 
unfortunately only in conjunction with higher wiring 
resistance. In addition to that, tiling is applied after via 
insertion, hence it cannot be guaranteed that groun- 
drules for DRC can be met. 

Summary of the Invention 

[001 1 J It is therefore an object of tlie present invention 
to provide an effective method to design semicorxjuctor 
integrated circuits or electronic packages that solves the 
dishing problem associated with the CMP process. 
[0012] It is another object of the invention to provide 
such a method without ina easing the data complexity 
significantly. 

[001 3] It is a further object of the present invention that 
the wiring resistance is not made worse, but on the con- 
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trary the resulting values are shown from the beginning. 
[0014] The foregoing and other objects and advan- 
tages are achieved by the methods according to claims 
1 and 8. 

[0015] Advantageous embodiments are laid down in 
the dependent claims. 

Brief Description of the Drawings 

[0016] The invention will hereinafter be described in 
more detail with reference to the accompanying draw- 
ings, in which 

Fig. 1 shows two situations where dishing occurs; 
and 

Fig, 2 shows split wires according to the invention. 

Detailed Description of a Preferred Emt>odiment of 
the Invention 

[0017] As can be taken from Fig. 1, dishing occurs 
within smaller lines as well as within wide lines. Within 
smaller lines (A) this effect can be neglected up to a cer- 
tain degree, whereas for wider lines (B) dishing shows a 
big inripad onto the metai's resistance and on the man- 
ufacturability 

[001 8] The present invention describes the technique 
of splitting up wide metal areas into metal stripes from 
the very beginning of the design, i.e., the step of splitting 
up the metal areas is already included into the physical 
design. Thus, splitting of wide lines forms part of the 
steps of building arxi placing of the functional elements 
as well as their wiring within the metal layers. 
[0019] In the following it is described how wires are 
split up, how the interconnection between distinct metal 
layers is handled, what is needed to connect to tiled 
Controlled Collapse Chip Connections (C4s) and how a 
power grid is designed using very wide - but split up - 
wires to keep the voltage drop across the grid as low as 
with non-split wires. 

[0020] It is known and can also be taken from Fig. 1 
that there exists a width threshold w-i where the dishing 
starts to impact the wiring resistance. The minimum 
width of a tine is wq as defined as a layout groundrule. 
Narrow lines having a width w s w^ must have a mini- 
mum spacing of Sq in order to avoid shortening to neigh- 
boured wires due to tolerances in the manufacturing 
process, lines with a width w > w^ must have a spacing 
of s ^ Si , lines with a width w > W2 must have a spacing 
of s ^ S2, etc. It is assumed that lines can have a maxi- 
mum width of WfT,4x accordingly must then have a 
spacing of at least 5^^^ with wq < Wi < W2 < ... < y^max 
and So < Si < ... < s^ax- 

[0021] That means that the following rule has to be ful- 
filled as a first step towards dishing avoidance: 

Rule 1 : Define wire separation in such a way that 



the layout rules for inaeased metal spacing 
are feasible for wires having a width less 
than w^Tiax. 

5 [0022] Wider wires have to t>€ split into distinct stripes 
according to 

Rule 2; Split wires wider than w^.j^ into distinct 
stripes with spacings in between and to the 
10 outside that do follow the increased metal 

spacing rules. 

[0023] For example, a last metal power line is usually 
very wide, far beyond y^^ax ^^^^ to keep the voltage 

15 drop below a certain limit. One possiWe solution could 
be to split the wire into n = [w/Wrr^ax] stripes each of it at 
least w/n wide arxi below w^nAx with the appropriate 
spacing of s^ax to the outside and a gap of the same 
width in between of them. 

2C [0024] For a split wire the resistance will be kept the 
same as with an unsplit wire if the additional area can 
be spent. If, due to wireability it is not possible to accept 
this addrtional blockage, then th.e resistance of the wire 
will increase by 12,6% as compared to 12% of the orig- 

25 inal tiling approach defined in US-A-5,671.152 to Lavin 
et al.. which is well known from the beginning rather 
than worsening the resistance after wiring has been 
completed. 

[0025] By splitting the wires the number of shapes for 

30 this wire does increase only by approximately a factor of 
sqrt(m)/4 with m being the number of shapes used 
when doing cheesing. Considering last metal, some sig- 
nal wires as well as the power wires need to be striped. 
In Fig. 2, e.g. four stripes 2 for each line 4 of last metal 

35 (LM) are shown, resulting in an increase by no more 
than a factor of 4 which is usually to be neglected. 
[0026] Each metal layer has rts own preferred wiring 
direction, either horizontally (LM-1 in Fig. 2) or vertically 
(LM in Fig. 2). If a wire changes its direction, usually a 

40 via from cne layer to the one above or below is placed. 
[0027] For unsplit wires an array of vias is placed 
where the two segments are overlapping each other 
and more than one via does fit into the overlap area. For 
a tiled wire vias need to be avoided where pegs or pil- 

45 lars according to the prior art are already inserted, or 
pegs or pillars are not to be placed where vias do 
already exist. First, the wire resistance increases addi- 
tionally due to the missing vias. for the latter, dishing 
takes place, if no or not a sufficient number of pegs or 

56 pillars can be placed. 

[0028] Wires that meet the existir>g increased metal 
spacing rules are showing a regular array of vias. 
Accordingly, it is no longer necessary to treat the vias 
separately Split wires do get vias inserted only at these 

55 locations where an overlap actually exists. In Fig. 2, the 
wire segment, i.e , the accumulated width of the tour 
segments 2 together on last metal LM is much wider 
than fa the metal below, LM-1 . and arrays 6 of vias are 
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inserted e.g. in the 2 x 4 = 8 overlap regions. The areas 
where vias are inserted are thus well defined whereas 
the tiling process according to the state of the art needs 
to remove some vias where pegs or pillars have to come 
in which is non -deterministic and can result in unpre- 
dictable tiling structures if run more than only once. Via 
insertion within the present invention does not increase 
the resistance and does avoid dishing, actually. 
[0029] The present invention can also be used when 
connecting metal shapes to C4 pads specifically 
designed to be compatible with, e.g., the last metal (LM) 
tiling requirements according to the state of the art. Fig. 
2 shows a sketch of such a design, where the pad open- 
ing is marked with the reference numeral 8. To avoid a 
LM shape from overlapping the peg or pillar rectangles 
within the C4 area, a blockage needs to be defined on 
LM for the wiring process, so that no wires can be 
placed here. The dashed rectangles do show the areas 
where LM segments may enter at the border (so-called 
donut shape) and where vias from the metal layer below 
(LM-1) are atiowed to be placed within the center area 
of 8. Within that C4 area the pegs are designed in such 
a way that a sufficient connection from the outside is 
achieved, i.e.. through the C4 lead ball that is placed 
onto the C4 contact pad on LM. Since the current can 
flow from all sides into the middle of the contact pad and 
from there into the striped wires, the pegs are long- 
drawn-out not to hinder it from flowing, i.e., increasing 
the resistance. Outside the C4 area within the wires the 
stripes do achieve the same long-drawn pegs that run 
the same direction as the current flows keeping the 
resistance at a minimum while avoiding dishing. 
[0030] As mentioned above, on LM a very wide power 
wiring is needed to keep the voltage drop at minimum. 
For C4 area footprints, i.e., connections distributed over 
the chip area, these wide power lines are running 
across the whole chip area wearing VDD and GND 
alternately. These long wires are split up as shown in 
Fig. ? from one chipedge to the other, striped where no 
C4 is located and split up at the C4s where pegs or pil- 
lars have already been designed before specifically for 
this area. 

[0031 ] The invention described herein does solve the 
dishing problem that is inherent especially to copper 
wiring technologies but also to all other soft metal wir- 
ing. It comprises wires, vias between wire segments 
and C4 connections to the environment. Rather than to 
establish a post-process that is worsening the turn- 
around-time of the development process, the complex- 
ity of the data, the resistance of the wiring, and last but 
not least is not at>Je to guarantee correctness of the 
design, the method described 

O allows to keep the turn-around-time the same as 
before, 

O does not increase the data complexity significantly. 
0 does not make the wiring resistance worse after- 
wards, but to the contrary does show the resulting 



values from the beginning, and 
0 guarantees correctness of the design. 

[0032] Additionally no special via handling is neces- 
5 sary and overlapping LM shapes over the C4 peg or pil- 
lar area are avoided by blockage definition. Thus, 
elimination of the pegs or pillars or groundr jle violations 
due to insufftciently small pegs or pillars in the C4 con- 
tact pad are avoided. 

w 

Claims 

1. A method of manufacturing semiconductor inte- 
grated circuits or electronic packages, comprising 

T5 the step of physical design to determine an optimal 
arrangement of devices and an efficient metal line 
routing scheme between these devices, 
characterized in that 

said physical design step includes the step of split- 
2C ting wide metal areas (4) into metal stripes (2). 

2. Method according to claim 1. wherein said inte- 
grated circuits or electronic packages include cop- 
per wiring. 

25 

3. Method according to claim 1 or 2. wherein said 
metal lines (4) are preferably split into distinct 
stripes (2) belonging to a single wire segment. 

30 4. Method according to any one of claims 1 to 3, 
wherein vias (6) are only inserted at locations 
where overlap between metal layers exists. 

5. Method according to any one of the preceding 
35 clajms, wherein the top metal layer comprises C4 

pads (10) for receiving electronic components, pref- 
erably chips. 

6. Method according to claim 5, wherein a blockage is 
4c defined to prevent metal segments from overlap- 
ping with said C4 pads (10). 

7. Method according to claim 5, wherein long power 
lines are split from one chipedge to the other, 

45 striped where no C4 pad (10) is located and split up 
at the C4 pads. 

8. A method of preventing dishing during the planari- 
zation of copper semiconductor structures, espe- 

50 daily by chemical mechancal polishing (CMP), 
characterized in that 

splitting of wide metal areas (4) into stripes (2) is 
induded into the physical design of said semicon- 
ductor structures. 

55 
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